Observational studies and randomized controlled clinical trials reported increased risk of recurrent cancer in younger women after adjustment for treatment, patient's characteristics, and tumor factors (Table 1 ). Randomized trials demonstrated that women younger than 40 years experienced an 89% increase in risk of ipsilateral breast tumor recurrence (IBTR) (adjusted hazard ratio [HR] = 1.89, 95% confidence interval [CI] = 1.12 to 3.19) (1). Women younger than 49 years experienced a 117% increase in relative risk of IBTR local ductal carcinoma in situ (DCIS) or invasive carcinoma recurrence (adjusted HR = 2.17, 95% CI = 1.61 to 2.94) (5). Observational studies also demonstrated that younger age was a predictor of poor recurrence independent of treatment and tumor characteristics, with an increased risk of IBTR by 100% (72), 125% (85), or 130% (13). Older women experienced a reduction in risk of local DCIS recurrence by 6% for every additional year of age (adjusted relative risk [RR] = 0.94, 95% CI = 0.89 to 0.99) (16) and incremental decrease in true recurrence by 7% (21,24) and IBTR by 6%-8% per year of age (25).
Body Mass Index
Limited evidence from observational studies (10, 13) suggested that obese women (body mass index >31 kg/m 2 ) had a 130% increased risk of IBTR (RR = 2.3, 95% CI = 1.1 to 4.8). The risk of local invasive carcinoma recurrence was significantly greater in overweight (RR = 2.8, 95% CI = 1.0 to 8.1) and obese women (RR = 5.0, 95% CI = 1.1 to 10.8). One study found that women with increased weight (>200 vs ≤200 pounds) had 800% greater odds of grade 2 maximal acute toxicity (moderate to brisk erythema, patchy moist desquamation, mostly confined to skin folds and creases or moderate edema) from adjuvant radiotherapy (odds ratio [OR] = 9.0, 95% CI = 2.6 to 31.7) (73).
Marital Status
Two observational studies demonstrated greater risk of IBTR in single women (HR = 2.2, 95% CI = 1 to 4.9) (10) or unmarried women (HR = 1.52, 95% CI = 1.08 to 2.13) (15).
Family History
Positive family history of breast cancer defined as breast cancer in a first-or second-degree relative was significantly associated with local recurrence in one (HR = 3.08, 95% CI = 1.04 to 9.1) (73) of the four studies that examined this association (10, 13, 73, 86) . Other studies reported that crude recurrence rates in women older than (13, (15) (16) (17) 19) . DCIS, ductal carcinoma in situ; L, breast conserving surgery; LR, breast conserving surgery and radiation; T, tamoxifen; M, mastectomy; *, analyses did not compare treatments. 50 years with positive family history were greater than those rates in those without family history (43, 48, 75, 76, 83, (87) (88) (89) .
Methods of Detection
Women with clinical symptoms had a 55% increase in risk of IBTR (RR = 1.55, 95% CI = 1.11 to 2.16) (1) to 90% (RR = 1.9, 95% CI = 1.36 to 2.65) (5) when compared to DCIS detected by mammography only in randomized controlled clinical trials. The results from observational studies were less consistent, and an increased risk of 100% (HR of IBTR = 2.05, 95% CI = 1.1 to 3.81) (72) to 170% (RR of invasive carcinoma = 2.7, 95% CI = 1.2 to 6.1) (13) was reported in three (13, 72, 90) of the nine studies that analyzed the association (10, 13, 72, 85, 86, (90) (91) (92) (93) .
Year of Diagnosis
Generally, observational studies suggested reduction in breast cancer mortality after implementation of mammographic screening in the United States (12, 49, 87, 94) . Women diagnosed with DCIS after screening mammography became common (1984) (1985) (1986) (1987) (1988) (1989) ; 5547 in SEER database) compared with those diagnosed from 1978 to 1983 (1525 women in SEER database) had a 40% reduction in relative risk of breast cancer death after adjustment for age and race (12) . When data was standardized to the general population mortality ratio, women diagnosed with DCIS before screening mammography was common had greater 10-year breast cancer mortality, compared with those diagnosed after wide implementation of breast cancer screening (3.4, 95% CI 2.4 to 4.5 vs 1.9, 95% CI 1.5 to 2.3 respectively) (12).
Mammographic Breast Density
The results from the National Surgical Adjuvant Breast and Bowel Project B-17 trial (64) suggested that women with higher mammographic breast density (>75% vs <25%) experienced local recurrence (adjusted RR = 3, 95% CI = 1.2 to 3) or any recurrence (adjusted RR = 2.8, 95% CI = 1.3 to 2.8) more often. The Breast Cancer Surveillance Consortium findings suggested that women with high vs low breast density had higher risk of contralateral (HR adjusted for age = 3.1, 95% CI = 1.6 to 6.1) but not ipsilateral invasive recurrence after lumpectomy (27).
Comorbidity
A study of 1103 women who were diagnosed with DCIS between 1991 and 1992 found that women with one or more comorbidities were more likely to experience IBTR than women with no comorbidities (RR = 1.62) (15) . The likelihood of receiving adjuvant radiotherapy is similar in women with and without comorbidities (P = .747) (15) . Younger women and women receiving radiotherapy, however, were oversampled. In contrast, another analysis of the same SEER-Medicare database included only women older than 66 years and reported that those with comorbidities did not have an increased risk of IBTR when compared with women without comorbidities (16) . Although both analyses used the Charlson comorbidity index, the study of older women did not obtain surgical margin status. Sampling and methodological differences may contribute to different results. 
Positive Surgical Margins
Positive surgical margins were consistently associated with increased IBTR in observational studies and randomized controlled clinical trials (Table 1 ) despite considerable variability in definitions. The association was significant after adjustment for treatments including adjuvant radiotherapy and tamoxifen (1, 5, 15, 40, 73, 85, 95, 124 ). An analysis of adjusted relative risk suggests that risk of IBTR is reduced with larger widths of negative margins. Margins of 10 mm or more were associated with the largest reduction (98%) in the risk of IBTR, whereas no differences were seen using a cutoff of 2 or 4 mm (40,94,124).
Tumor Characteristics
Tumor size was positively associated with higher rates of IBTR, though many of the estimates were not statistically significant. Estimates generally classified tumors less than 20 mm as small though some defined small as less than 5 mm. We found consistent evidence that women with high vs low grade of tumor had a 104% increase in odds of IBTR (Figure 2) . Comparisons of intermediate (2) vs low (1) grade were much less consistent.
Comedo necrosis was consistently and strongly associated with increased risk of IBTR, with hazard ratios generally above 2.0 and as high as 9.3. No study reported a significant association between comedo and non-comedo DCIS and all-cause mortality, breast cancer mortality, contralateral invasive carcinoma, or all events. The association between necrosis and IBTR differed depending on the treatments women had (Figure 3) . The association was not significant after mastectomy or skin-sparing mastectomy and inconsistent in direction and significance after lumpectomy plus radiation and in studies that combined all treatment together in analysis. The risk of IBTR in women after lumpectomy was increased by 116%.
Studies of estrogen receptor status and DCIS outcomes are generally limited to small studies, often including approximately 100 cases. Generally, all are consistent in their findings that positive estrogen receptor status is associated with a reduced likelihood of local DCIS or invasive recurrence, although few of the associations are statistically significant. Whether the association was independent of tamoxifen treatment is unclear because adjustment for treatments was not consistent across the studies. The studies investigating the association between progesterone receptor status and patient outcomes showed a tendency toward less IBTR in progesterone receptor-positive women.
The relationship between HER2 positivity and recurrence was only studied in relatively small DCIS studies of 129 patients or less. Consistently, investigators have found that women with HER2-positive DCIS were at higher risk of recurrence. HER3 and HER4 have only been evaluated in a single study (120) . Women with DCIS and HER4-positive or HER3-negative status had a lower risk of recurrence. Despite differences in definitions of total score, women in higher risk categories had higher rates of IBTR (Figure 4)  (34,36,38,45,63,89,97,99 ). Women with a maximal score of 12 had a 274% greater risk of IBTR. The association between total score and risk of IBTR was not linear dose response. Maximal increase in relative risk by 740% was observed in women with a score of 5-7 compared with a score of 3-4.
Women with scores of 10-12, using the USC/Van Nuys Prognostic Index scoring system, had 224% greater odds of mortality compared with women with a 4-6 risk category (89) . Breast cancer mortality was examined in four studies (34,36,38,89); one found a significant positive association with greater predicted risk (OR = 8.61, 95% CI = 1.06 to 70.17) in women with scores of 10-12 in the Van Nuys index compared with those with scores of 4-6 (89) . The odds of any event were 509% higher (OR = 6.09, 95% CI = 2.40 to 15.50) in women at the highest Van Nuys index scores category compared with the lowest score (89) .
Discussion
Synthesis of evidence of the association between women's characteristics and patient outcomes was hampered by different definitions of the outcomes and predictor categories, low statistical power to detect differences in outcomes in predictor categories, and inconsistent adjustment for treatment and tumor characteristics across the studies.
Why outcomes varied among women's subgroups was not clear. Adjustment for tumor size, grade, or necrosis attenuated racial differences in IBTR in the studies that we identified for this review. Only one SEER analysis examined access to treatment and overall mortality in racial subgroups with DCIS and found that African American women were less likely to receive follow-up radiotherapy and had a significantly increased risk of death (17) . Neither comorbidity status nor surgical margin status was included in the analysis because this information is not available in the registries (17) . A recently published case series from the Johns Hopkins Medical Institutions (125) found no differences in breast cancer mortality and histology of DCIS in African American women when compared with Caucasians. However, overall mortality, mostly from cardiovascular diseases, was greater in African American women. Difference in screening patterns and access or quality of overall and breast cancer care can contribute to the observed race differences in incident second breast cancer in the United States.
Based on a comprehensive literature review, we recommend that future research should evaluate risk of patient outcomes over time to help develop postdiagnostic surveillance policies. Additional work improving the DCIS prognostic index using additive scores or interaction is needed. A prognostic index should be developed for all outcomes, should include women's race, and should be based on multivariate-adjusted regression coefficients. Future research should assess the association between health-care structure and quality, process variables, and patient outcomes. 
